"What did we do?" "I know I did something, but I don't know what it is" "I'm getting confused because I'm not actually doing anything except following these
simple list and built around an imperative verb. They can be preceded by some, relatively little, information and when they are presented online, hypertext jumps can be used to ' layer' procedural information. However, this 'streamlined-steps model' (Farkas, 1999) does not necessarily meet the needs of users who want to make sense of what they read and do. The user's orientation to accomplishing meaningful tasks (e.g. writing a letter on a computer, recording a movie on a video) seems to be narrowed to the task of carrying out a sequence of instructions.
The belief that usability is the only criterion for the quality of instructions can close our eyes to the importance of 'making sense' of instructions. If we take accuracy, time, and recall as measures for the success of instructions, we overlook criteria such as meaningfulness. Users want to understand what they do; they want to be able to link their actions to their goals. 'Meaningful' instructions, in our view, enable the users to build a mental representation or model of the technological device and its use.
The purpose of this paper is to explore three features of instructions that may enhance the 'meaningfulness' of step-by-step instructions. We will define these features, provide some examples, and use experimental research to speculate about their effects. The features we take into consideration here are:
Creating hierarchy in sequences of instructions, especially by using the distinction between a functional and a syntactic level. Relating the sequence of steps to real-life goals and situations. Adding declarative information to instructions.
CREATING HIERARCHY Some Examples of Hierarchy
Example (1) below shows a sequence of actions that may easily lead to the type of comments Carroll and Mack observed. The instructions do not seem to be very meaningful
(I) How to open new gate numbers?
1. Lift the receiver 2. Wait for the tone 3. Enter: #87* 4. Enter your identification code 5. Enter: ## 6. Wait for the tone 7. Enter: *81* 8. Enter the appropriate gate number 9. Enter: # 10. Wait for the tone 1 1. If you want to open more gate numbers: repeat step 8,9, 10 12. Enter: # 13. Put the receiver down Even when users understand what "opening a new gate number" means, and why one needs to do it, users will probably want to understand the 'logic' behind this procedure. This logic is shown in Example (2) by dividing the sequence into meaningful sub-procedures, which brings hierarchy into the list. The meaningful sub-procedures have the same effect that meaningful headings have in a paper. They are a way of organizing the information so that it is connected in a logical way. Logically, users know that information grouped under a heading or a subprocedure is subordinate. When users encounter a sub-procedure in a set of instructions, they know that the instructions following it pertain to that overall goal. (3) After you program all channels, press the ENTER-button to restore the normal operational finction.
(2)
Initiate the clock setting by pressing key 1 and 4 simultaneously ( 5 ) Push the TIMER-button. The setting will be activated (6) Ifyou want to addpage headers and footers to the printed overview, click on Headpage in the Image-menu. Next click on Handouts, and select the preferred options
Effects of Hierarchy The effect of high-level information in headings and topic sentences is demonstrated in many reading experiments with informational texts (for a review of the empirical evidence, see Lorch, 1989 It enables a hierarchical processing of the instruction, which is more effective than a mere chronological processing. It helps the reader to generate (infer) information that is implicit (e.g. the inference that the triangle should be drawn with an angle on the top and that the bottom should be equal in length to the side of the square is shown in Figure 1 below. Some other experiments (1987~) by Dkon showed similar results. Dixon let subjects read sentences like "To turn light Yon, press button B" and "Press button B, to turn light Yon." After reading each sentence, the actions had to be carried out. In some cases, subjects had to put the light on, and in other cases they had to put the light out. As expected, the subjects needed less time to read the sentences with the high-level information (To tum light Yon) in fiont. This result proves again that organizing, high-level information helps readers build an adequate mental plan for their actions.
Other research supports these findings. Smith and Goodman (1984) showed that high-level information in an instruction for assembling an electrical circuit decreased reading time to 50%
(despite the extra amount of text!) and led to fewer errors. However, the high-level information provided by Smith & Goodman can only partly be characterized as organizing action information of the type we demonstrated in examples (2)-(6).
The available research does not provide a clear answer to our main question: does adding functional information make instructions more meaningful for users? The results suggest that it enhances the usability (effectiveness and efficiency) of the instructions. However, we assume that the higher level does also enhance meaningfirlness. The low-level syntactical instructions (press ENTER, push key 1 and 4, Enter #81*, waif for tone) are arbitrary. It would not make a difference if the user had to enter *54#, or to press a key with a different name. The functional level shows what happens and shows the logic of the procedure.
Of course, the effect of the functional level will depend on the prior knowledge of the user. Readers of Example (2) who are not familiar with basic concepts of remote p r o g r d g will not understand why it is necessary to identi& themselves or to indicate what they are going to do before doing it.
REFERRING TO REAL-LIFE GOALS AND SITUATIONS
When looking at operational instructions for everyday life, is seems that they sometimes include information that does not immediately refer to actions or states of the device, but to the practical (" real-life") circumstances the equipment is used in. We will present some examples first, and reflect on the importance of such references later.
Some Examples of Real-Life References
Examples (7) and (8) come fiom the 'commercial' introduction passages of some operating instructions. They link the instructions to the real-life goals of the reader. It is obvious that these references to real-life are mainly meant to create a pleasant atmosphere (In these examples, italics mark the real-life references).
(7) Congratulations on buying your Kalorik fondue set. You will enjoy this product for many years, provided that you handle it in the right way. So, before you organize a pleasant evening around your fondue set, we draw your attention to some important issues.
(8) Thank you for your confidence in the JVC loudspeaker system. Please read these operational instructions completely and carefully to obtain the best performance. We wish you many hours of listeningpleasure.
Example (9) and (IO) show hints that go beyond the technical working of the equipment.
(9) The iron heats up fast, but it cools slowly. Therefore it is better to begin with the synthetic textile (artificial textile), that have to be ironed at the lowest temperature.
(IO) In case of breakdown, wrap the fiozen content in newspapers or blankets. Your butcher will be pleased to help you in case of emergency.
The first one helps the user to do the real-life job more eficiently. Example (10) even goes further. A strictly functional approach would not infer that the contents of the freezer should be kept cold. The real-life directed general caution could have been restricted to 'keep the contents fiozen', but it is made more concrete by referring to the newspapers and the butcher. In the examples shown so far, the real-life element could be seen as something that was added to the step-by-step instructions. However, real-life examples are often integrated into the instructions. For instance, function or device names can be chosen in view of their practical application. An example is shown in Example (1 l), taken fiom the operational instructions of a radio alarm clock.
(1 1) Sleep Function After you have set the alarm for the next morning, you can listen to the radio for some time by acting as follows: When you press and hold down the sleep button (switch O), a so-called 'sleep time' becomes visible; this time varies fiom 0 to 59 minutes. During that time, the radio continues to play. The length of time the radio plays is controlled by the length of time you hold down the sleep button.
Instead of a more or less abstract name, the name 'sleep time' has been chosen, apparently referring to the most obvious use in practice. In another set of operational instructions, a similar concept is refmed to with a more technical term such as Switch-ofiTimer Function
Finally, the step-by-step instructions can be embedded in a real-life scenario as can be seen in Example (12) fiom the operating instructions of a micro wave oven.
(12) The Microwave Oven Just start testing your new microwave out. For instance, try heating up this morning's coffee; it will taste as if it is fkeshly made: 0 Take a cup without gold or silver decorations and put a teaspoon in it. Position the oven rack on the first notch. Place the cup in the center of the oven rack.
Select 1 minute with dial 1.
After one minute you will hear the signal that the microwave has shut off; you may also turn the microwave off earlier by pressing the button labeled Thecoffeeiswarm.
In addition to this example you will find many other examples in the tables. This example shows the conventional structure of a stepwise instruction, starting with a description of the tasks, followed by a number of steps. Although most steps contain technical instructions (especially step 2-4), the instruction is embedded in the real-lfe scenario, referred to as an example of heating up the coffee. In this example, the reader is invited to play the role of someone who has left some coffee fiom today's breakfast.
Effects of real-life references
When we survey the examples given so far, we cannot avoid the impression that designers of instructions use references to real-life usually as an 'extra', and not so much as a feature that should contribute to a better understanding of the proper instructions. It is difficult to find clear evidence that real-life elements contribute to the meaningllness of the instructions. However, there seem to be sound rationales for adding such information.
If one wants to use spreadsheet s o h a r e to do the accounting of a sports club, functional and syntactical knowledge of the software is not enough. The user needs also to have knowledge of accounting, and knowledge about the organization and activities of the sports club. In the same way, functional and syntactical knowledge of a microwave oven does not guarantee that one can prepare exquisite cuisine-the real chef needs knowledge of ingredients and good taste, too.
Writers of manuals and operating instructions often suppose that their users do have this reallfe knowledge (Shneidermann, 1987) . However, new technologies, products and software bring all sorts of new possibilities within the reach of people who do not have the real-life knowledge they need.
Mirel ( 1992), studying information needs of users of new software in organizations, found that many of their questions ware not related to the way the software worked, but to integrating the software in the daily procedures and routines people were engaged in. According to Mirel, introducing new software in organizations involves the following:
Re-organization of workers' job categories and job-related tasks and increased flexibility in the structure and the responsibilities of their work arrangements, Strategic training, that concentrates on teaching inventive use of computers to improve business processes, plans, and communications, and Tactical training, that teaches procedures for executing the preset functions and commands of programs.
People may deal with this complex changes in different ways. Mirel asserts that the real challenge of technical instruction is not to explain how systems work, but to support users in integrating the system into their daily lives:
Some users in the workplace may be willing to adapt their job-related task behavior to the logic and structure of a given program. Others, however, may be less willing to change their approaches to their work, perhaps because of pressures fiom managers or desires for greater job satisfaction. In such cases, users will seek to modi@ a program for their work purposes, finding compensatory activities that may never have been anticipated by system designers. As Donald Norman argues, finding effective means to bridge this gulf between users' goals and system capabilities is one of the greatest challenges faced by anyone seeking to improve the quality of human-computer interactions. (Mirel, 1992, p. 18) 469 0-7803-6431-7/00/$10.00 0 2000 IEEE A similar argument is made by (Cooper, 1999) when he distinguishes four categories of goals that play a role in using software: personal goals (such as getting an adequate amount of work done and not being too bored), corporate goals (such as increasing profit, defeating competitors and offer more products or services), practical goals (such as handle the client's demands) and, fmally,false goals (such as save memory, save keystrokes, increase graphic beauty and using cool technology). The latter category is called false because it is not related to the "reason of existence" of the person or the company, but only to the technology that is meant to support the real goals.
From a rhetorical perspective, the relation between technical and real-life can also be characterized by referring to reader roles that are assumed. Instructions that only provide functional and syntactical information, create the reader role of an operator: someone who turns and pushes buttons, or enters data and codes. Referring to real-life goals and situations creates a reader role of a user: someone who is interested in taking advantage of the technical device to get a better life (Steehouder, 1997).
Our examples showed that the arguments made by Mire1 and Cooper can be generalized to other types of instructional texts such as instructions for use in everyday products.
However plausible these arguments may be, there is only little empirical evidence that refemng to real-life situations really makes instructions more meaningful. Some indications can be inferred fiom studies of the effect of (real-life) examples with instructions. An experiment by LeFevre and Dixon ( 1986) suggests that readers, when presented with instructions as well as examples, may imitate examples rather than follow stepwise instructions, which can lead to mistakes when examples are over-generalized. Another experiment by LeFevre (1987) showed that examples without instructions are less effective than instructions without examples, even though the difference disappeared after some practice.
ADDING OPERATIONAL INFORMATION
The third feature that might enhance the meaningfidness of stepwise instructions, is adding operational information. By that, we mean information that explains how the system works. Operational information is a subtype of declarative information, which is used in a somewhat broader sense as "explanatory" or " background information (including the real-life references we discussed in the previous section).
Examples of Operational Information
Example (14) stems fiom the operational instructions of a CD Player. Although the three steps could be sufficient to complete the procedure, the first sentence adds information that shows why the clamps have to be removed, and thus provides a rationale for the actions. Turn the clamps anti-clockwise and remove them fiom the player.
Store them in the space provided.
Operational information is not necessarily related to a specific procedure. Just like real-life information, it is often not integrated into step-by-step instructions, but added to the instructions.
( 1 5 ) and (1 6) are two examples of operational information that is not directly related to specific actions. Example (1 5) explains how the dishwasher pumps away salt that the user added before the dishwashing took place. Example (16) explains how the control system of a telephone works. In this case, the users do not have to execute specific actions to control How the dishwasher pumps away salt While washing is taking place, salt is automatically rinsed out of the salt container into the water softener where it dissolves the lime in the water. The dissolved lime and salt is pumped out of the dishwasher. The water softening system is then ready for the next load. The process of regeneration can only function when the salt is dissolved in the water.
Before each telephone call the Tahiti 200 checks whether the portable handset and the central unit match with each other. If this is not the case, it is not possible to call with the handset through your central unit, on your costs. This check takes place by means of security codes. These codes are used to determine whether the handset and the central unit match each other. Each time you put the portable handset on the central unit, the handset receives a new security code. This happens only when the handset is activated by pushing the switch on the side upwards.
Effects of Operational Information
Must someone who operates a device, know how the device works? Many people tend to give a negative answer. "Just tell me what I should do, don't bother me with the technical details." However, it seems plausible that at least some understanding of the system is needed to operate it adequately. Ummelen's (199%) study even showed that users often look for such information spontaneously. Just imagine how many problems users of a word processor would have if they did not have some notion of how a hard disk is divided into directories and subdirectories. Likewise, many installation tasks for VCR's or telephone equipment can hardly be completed effectively without at least some understanding of how the technology works.
However, the importance of understanding how it works does not necessarily imply that the relevant background information should be added to the stepwise instructions. It is possible, and even probable, that users of equipment build their own representation of the system by a combination of following instructions, applying prior knowledge, observing effects of their actions, and reasoning. This process has been well-documented by Carroll & Mack (1984) and in many 'minimalist' publications since. So the question does not seem to be whether operational knowledge is needed, nor whether operational information is indispensable. The real question is whether operational information is useful for understanding procedures.
Experimental research offers a number of indications that operational information improves performance. Smith and Goodman (1984) showed that instructions with descriptive information enhanced task performance; comparable results are reported by Kieras and Bovair (1984) .
Ummelen (1997b) investigated the use and effects of declarative (including operational) information in an experiment with a relatively unknown and rather complex spreadsheet program. Subjects were offered a manual on screen containing two types of text blocks: procedural (stepwise instructions) and dec/urutive (task-related information about the system). The experiment showed that subjects read procedural text blocks more often and for longer periods of time than declarative text blocks. A considerable amount of attention, though, was paid to the declarative blocks -over all conditions (novice and expert users, simple and complex tasks), about 40% on average of the click and reading time was directed towards declarative information. These results contradict the assumption that readers are not interested in declarative information.
In another experiment by Ummelen, manuals with and without declarative information blocks were compared. It turned out that subjects who were offered a manual with declarative information, did not perform better on immediate task performance. However, in a delayed test, these subjects turned out to score better on task performance, error recognition and answering questions about the 'logic' of the system. These results suggest that declarative information does lead to a better long-term understanding of the system and the logic of its operation.
An experiment by Karreman and Steehouder (2000) , however, proved that Ummelen's results should not be generalized right away. In this experiment, subjects had to install a complex telephone set, consisting of a central unit and six handsets. The installation had to be done using one of the handsets that was simulated on a computer screen and could be operated with the computer mouse.
By pressing the space bar of the computer keyboard, the subjects could see the operating instructions. The instructions could contain three types of text blocks: procedural (stepwise instructions), operational (about the working of the system), or utilizational (real-life information). The manual was offered in four conditions: procedural only (P), procedural and operational (PO), procedural and utilizational (PU), and complete (POU).
The results of this experiment confirmed that readers pay attention to non-procedural information, but less often and for shorter periods of time than in Ummelen's experiment. About 20% of the total time was used to read non-procedural information. There were no differences between operational and utilizational information to this respect. Surprisingly, when both types of non-procedural information were offered (POU), the reading time for nonprocedural information did not increase, even though amount of text to read was twice as much as in the PD and PU versions of the instructions.
Although the non-procedural information was read, no effects could be identified. Neither the operational information, nor the utilizational information had any effect on immediate or delayed performance. Nor did these have any effect on the understanding of the telephone set.
A comparison between the experiments by Ummelen and the one by Karreman and Steehouder suggests that the effect of declarative information might depend on certain interface characteristics of the system. The interface of Ummelen's spreadsheet system, however confusing it was, nevertheless consisted of elements with a certain 'meaning': menus with meaningful terms, elements like cells, columns, rows, formulas etc. All these elements are related tofinctzons of the system. The declarative infomation explained for instance what 472 0-7803-6431-7/00/%10.00 0 2000 IEEE these elements were and what they did. The declarative information thus related the working of the system to the actions the user had to perform.
The simulated telephone equipment used by Karreman and Steehouder, on the other hand, was characterized by a meaningless interface, consisting of the figures 0-9, and some buttons labeled *, #, U, and D. That means that the interface of the device did not offer any functional information, but only syntax. In retrospect, it seems understandable that information on the working of the system does not really help to understand the procedure. For instance, knowing that some connections are made between elements inside the telephone's memory, does not help to understand or to remember that this is done by inserting #2 1 *.
CONCLUSION: THREE LEVELS FOR UNDERSTANDING INSTRUCTIONS
In the previous sections, we explored several ways additional elements can enhance the "meaningfulness" of step-by-step instructions. The research into the effects of these elements, although limited, indirect and diffuse, suggests that they lead to better understanding and remembering of instructions.
Based upon these findings, we assume that users of instructions build three levels of representation when they read (and apply) step-by-step instructions:
A syntactical representation, which includes a sequence of actions to be performed (including the preconditions for each action and the results). The syntactical representation enables users to perform instructions step-by-step, while switching between the instructional text and the equipment. The syntactical representation can be remembered to a certain extent, but because it is structured only as a sequence, it is probably difficult to remember a long series of actions. A semantic representation, in which the actions are structured by device-related meaningful goals and sub-goals, gathered fiom functional headings in the instructional text, or from declarative information. Both elements can be used as stepping stones for the actual actions to be performed by the user of the instruction. A semantic representation can be expected to be easier to remember, because it can be anchored in memory better than a simple sequence of steps.
A situational representation, in which the instructions are related to higher-level 'reallife' schemes and goals. Situational representations might help users to not only remember procedures better, but also to select between procedures or to adapt procedures to specific circumstances dictated by real-life conditions.
0
Our model is analogous with current theories of reading that distinguish between three levels of text representations in general: surface, propositional and situational (e.g. Just and Carpenter, 1987) . However, we believe that there are important differences between understanding expository text and understanding instructions, especially since the latter process involves not only reading text, but also interacting with a device.
The users' complaints about meaningless sequences of actions, such as those we cited in the opening paragraph of our paper, become understandable within this model. When designers of instructions offer only lists of actions, they enable users to build only a syntactical representation of procedures. The users will be able to apply the procedure correctly for once,
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0-7803-6431-7/00/$10.00 0 2000 IEEE but we can expect that it will be difficult to remember the procedure, or to relate it to the reallife goals and situations that form the raison d '&e of the technical device. Technical communicators should not be satisfied with instructions that confuse users because they feel that they are not actually doing anythmg meaningful except following them.
